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1. Introduction 
It has been previously shown that chelating agents 
such as EDTA [l-3] and pyrophosphate [4] can 
release between 50-60% RNA from hepatic micro- 
somes. Sabatini et al. [3] have shown that the addi- 
tion of increasing amounts of EDTA dissociates 
microsomes in a gradual fashion: the small subunits 
being the first to be released from the microsomal 
membranes. 
The polyamines, spermine and spermidine, are 
associated with the isolated ribosomes of both bac- 
terial and animal origin [5-91 . Previous work from 
this laboratory has shown that polyamines such as 
spermine may be involved in the attachment of ribo- 
somes to membranes of the endoplasmic reticulum 
[9, IO]. In our preliminary experiments reported 
earlier [ 111, no polyamines could be detected after 
treatment of microsomes with 15 mM EDTA, a 
condition which should release most of the small 
subunits from the microsomes. As this finding was 
apparently at variance with our more recent obser- 
vations [9, lo] , it was decided to re-investigate 
the release of the polyamine spermine from the 
microsomes, under conditions that would gradually 
remove ribosomal subunits from the microsomal 
membranes. The present results show that when 
ribosomal subunits are gradually removed from the 
microsomes by treatment with EDTA, there is a 
concomitant release of endogenous spermine as 
well as of “C-spermine administered in uivo to the 
rat. The release of spermine closely followed that 
of RNA from the microsomes, both reaching a 
limiting value of about 60% at 50 mM EDTA. 
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2. Materials and methods 
14C-spermine tetrahydrochloride (specific activity 
7.4 mCi/mmole) was supplied by the New England 
Nuclear Corp. EDTA (disodium salt) was a product 
of E. Merck, Darmstadt. Source of the rest of the 
material has been previously described [9, lo]. 
2.1. Preparation and purification of microsonzes 
Male rats of the Wistar strain (ZOO-250 g) were 
used. They were starved for 16-20 hr prior to sacri- 
fice. The livers were rinsed in 0.25 M sucrose made in 
25 mM KU-2 mM MgC12 -50 mM Tris-MCI, pH 7.5 
(medium M), and homogenized in 3 vol of medium 
M in a glass homogenizer of Potter-Elvehjem type. 
The homogenate was centrifuged at 10,OOOg in a 
Sorvall centrifuge for 10 min at 4@. The supernatant 
fraction was removed and centrifuged at 149,OOOg 
for 30 min. The resulting microsomal pellet was re- 
suspended in medium M (3-5 ml/g tissue equivalent). 
Such a microsomal preparation may contain free 
ribosomes in addition to those bound to membranes 
[ 121. For further purification, 5 ml portions of the 
microsomal suspension were layered on a discon- 
tinuous sucrose gradient (3 ml of 0.5 M sucrose over- 
laid on 4 ml of 2 M sucrose, all made in 2.5 mM 
KCl- 2 mM MgClz -50 mM Tris-HCl, pH 7.5 (buffer 
M). The gradient was centrifuged in a 50 Ti rotor 
of a Spinco L50 centrifuge at 149,000 g for 2 10 min. 
Free ribosomes were sedimented in the form of a 
pellet. The interphase layer was removed, diluted 
with buffer M and centrifuged at 149,000 g for 
30 min to obtain the purified microsomes. The ratio 
of RNA to protein in this preparation averaged 0. I. 
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Table 1 
Release of endogenous spermine from unlabelled microsomes 
treated with increasing amounts of EDTA. 
EDTA RNA released Spermine released 
(mM) (%) (%) 
6 15 ( 9-23) 4 ( O-13) 
8 30 (27- 35) 19 (14-24) 
10 3% (35-40) 27 (16-36) 
15 43 (40-45) 34 (26-36) 
20 48 (47-49) 40 (28-49) 
30 50 (44-54) 44 (42-47) 
50 55 (50-58) 54 (51-57) 
The microsomes were treated with EDTA as described in 
the Materials and methods section. The suspension was 
then loaded onto a discontinuous gradient (14 ml of 5% 
sucrose overlaid on 14 ml of 20% sucrose made in 50 mM 
IX-10 mM Tris-HCI. pH 7.5) and centrifuged at 68,000 g 
for 2 hr. RNA and spermine were estimated in the pellet. 
The results are expressed as the mean of 3 experiments on 
different microsomal preparations (range in parenthesis). 
Table 2 
Release of ‘JC-spermine from microsomes treated with in- 
creasing amounts of EDTA. 
EDTA RNA released “C-spermine released 
(mM) (%) (%) 
6 26 7 
8 36 22 
10 38 22 
15 48 32 
20 SO 38 
30 57 53 
50 59 59 
Microsomes were labelled in vim with 14C-spermine as de- 
scribed in Materials and methods section. The values re- 
present the mean of 2 experiments and are based on the 
radioactivity and RNA determined in the pellet. 
For the preparation of labelled microsomes, the rats 
were treated intraperitoneally with 10 &i of 14C- 
spermine in 1 ml of 0.9% NaCl, and sacrificed 24 hr 
later. 
2.2. EDTA treatment of microsomes 
EDTA was added to portions of microsomes 
(1.2 mg RNA) suspended in 2 ml of 50 mM KCl- 
2 mM MgCl, -10 mM Tris-HCl, pH 7.6 (buffer A), 
and the suspension was allowed to stand for 10 min 
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at 0”. It was then loaded onto 28 ml of 5520% linear 
sucrose gradient made in 50 mM KCl- 10 mM Tris- 
HCl, pH 7.6, and centrifuged at 63,000 g for 7 hr in 
the SW 25.1 rotor at 4”. After centrifugation, 1 ml 
fractions were collected for analysis for absorbance 
at 260 nm and for the determination of radioactivity. 
The pellet obtained after centrifugation was sus- 
pended in 1 ml of Hz0 and RNA and radioactivity 
were determined. 
2.3. Determination of spermine radioactivity 
The fractions from the sucrose gradients were 
precipitated with 0.5 N (final) cold perchloric acid 
using bovine serum albumin as a carrier. After centri- 
fugation, the pellet was used for the determinationof 
RNA. The supernatant was made alkaline by the 
addition of NaOH and was further processed for the 
determination of radioactivity as described previously 
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RNA was determined by the orcinol method [13] 
and protein by the method of Lowry et al. [ 141. 
Polyamines were estimated according to the method 
of Raina and Cohen [IS] . 
3. Results 
3.1. The release of RNA and of endogenous spermine 
from the microsomes 
If microsomes are exposed to a medium containing 
a high Mg*’ concentration, substantial amounts of 
polyamines are lost from the microsomes [6,7] . In 
a preliminary study [ 111, EDTA treatment of micro- 
somes prepared in this way resulted in the release of 
polyamines so that the polyamines were difficult to 
detect by the method used [I I]. Therefore, the 
microsomes used in the experiments to be described 
were isolated in a medium of low ionic strength. ’ 
Determination of RNA and spermine in the pellets, ob- 
tained after centrifugation, showed that RNA was 
gradually released from the microsomal pellet as the 
EDTA concentration was increased (table 1). The 
released RNA reached a limiting value of 55% at an 
EDTA concentration of 50 mM. Increasing the con- 
centration of EDTA to 100 mM did not result in a 
further release of RNA to any considerable extent. 
These observations are in agreement with the previous 
studies on guinea pig liver microsomes [3] and mem- 
brane-bound ribosomes from HeLa cells [ 16) . 
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Fig. 1. Sucrose density-gradient analysis of ’ 4C-spermine- 
labelled microsomes treated with increasing amounts of 
EDTA. The conditions of centrifugation are described in 
Materials and methods section. The final concentration of 
EDTA in each case was: A) Control (no EDTA); B) 10 mM; 
C) 15 mM; D) 20 mM; E) 30 mM; and F) 50 mM. 
The release of spermine closely followed that of 
RNA although, at low concentrations of EDTA, it 
lagged behind the RNA release. Like RNA, released 
spermine reached a value of 54% of the original at 
50 mM EDTA. Addition of more EDTA did not re- 
sult in a further release of spermine to any appre- 
ciable extent. Spermidine was difficult to detect 
in the amount of microsomes used in the experi- 
ment reported here. However, if the amount of 
microsomes was increased (equivalent to 3 mg RNA), 
spermidine could easily be estimated, the ratio of 
spermidine to spermine being about 1:7. 
When the experiment described in table 1 was 
performed using 14C-spermine-labelled microsomes, 
essentially similar results were obtained, which are 
shown in table 2. Again at low concentration of 
EDTA, release of “C-spermine closely followed the 
release of RNA from the pellet. 
It is notable that the release of labelled spermine 
from the microsomes was very similar to that of endo- 
genous spermine. 
3.2. Release of labelled spermine into the linear 
grad ien t 
Sucrose density-gradient analysis of the material 
released from the labelled microsomes upon treat- 
ment with increasing amounts of EDTA showed that 
r4C-spermine released from the microsomes closely 
followed the profile of the ribosomal subunits in the 
gradient. Fig. 1 describes the results of an experiment 
performed on the same microsomal preparation. When 
microsomes were centrifuged without treatment with 
EDTA (control), 85-90% RNA was recovered in 
the pellet. At an EDTA concentration of 5 mM, only 
the small subparticles were present in the gradient; 
there being no peak corresponding to the large sub- 
particles (results not shown). At 10 mM EDTA most 
of the small subparticles, calculated on the basis of 
released RNA, were present in the gradient and a 
small peak corresponding to large subparticles appeared 
(cf. Sabatini et al. [3] ). Labelled spermine followed 
both subparticles. At this stage about 40% RNA was 
released from the pellet. If the EDTA concentration 
was further increased, there was no appreciable in- 
crease in the peak of the small subparticles whereas 
the large subparticles continued to be released. It was 
observed that when EDTA was present at concentra- 
tions greater than 20 mM, there was a considerable 
degradation of small subparticles as seen from the 
gradient profiles. At 50 mM EDTA, the amount of 
large subparticles reached a limiting value as there 
was no further increase in the peak due to the large 
subparticles. 
Between 90-100% spermine radioactivity released 
from the pellets was recovered in the gradients. 
In order to study whether exogenous spermine 
had any effect on the release of RNA and ribosomal 
subparticles, an experiment similar to that described 
in fig. 1 was performed with microsomes preincubated 
in 0.5 mM spermine at 0” for 5 min. The density 
gradient profiles failed to show any definite peak in 
the region of small subparticles. This was possibly 
due to the aggregation of these particles forming 
dimers and higher aggregates. The release of total 
RNA from the pellets was similar to that observed in 
the absence of added spermine. 
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The average ratio of absorbance at 260 nm to 
absorbance at 280 nm in the small and the large sub- 
particles was 1.93 and 1.94, respectively. 
4. Discussion 
The present results show that when ribosomal 
subparticles are gradually removed from the micro- 
somal membranes by the addition of increasing 
amounts of EDTA, labelled spermine is also gra- 
dually released and is found to be associated with 
the released ribosomal subparticles. Also, the re- 
lease of RNA from the pellets, as a result of the 
addition of EDTA, is closely followed by the re- 
lease of endogenous as well as “C-spermine. A 
close correlation between the accumulation of 
RNA and polyamines, both in bacterial and animal 
systems, has been well documented [ 15, 171 Our 
earlier results 19, IO] have indicated that spermine 
or Mg2+ is necessary for the attachment of ribo- 
somes and ribosomal subparticles to endoplasmic 
reticulum membranes in Vito. The present results 
suggest hat polyamines may function in the ribosome- 
membrane interaction by associating with ribosomes. 
Spermine could perform this function: by linking 
the negatively charged ribosomes to the negatively 
charged membranes through ionic bridges, by neu- 
tralizing the charge on RNA phosphate groups [ 181 
thus conferring stability and correct conformation 
on ribosomes or by a conbination of both possi- 
bilities. The close association of spermine with ribo- 
somes is indicated by the concomitant release of 
spermine when ribosomal subparticles were released 
by the action of EDTA, and by the observation 
that the released spermine closely followed the sub- 
particles in the gradient. It is notable that about 60% 
of spermine originally present in the microsomes was 
still associated with the pellet when all of the small 
subunits were dissociated from the microsomes. 
This indicates that polyamines may be involved not 
only in the association of the 2 ribosomal subunits 
[ 181 but also may be involved in the attachment of 
ribosomes to membranes of the endoplasmic reti- 
culum. 
Even the highest concentration of EDTA tested 
(250 mM) failed to release more than 60-70s 
RNA, in agreement with the published studies 
[2- 4, 161. The unreleased material has been shown to 
be large subunits (comprising about half of the total 
52 
number of large subunits) which are tightly bound to 
membranes [3, 161, and are refractory to the chela- 
ting agents [ 161. At this stage about 45% of spermine 
originally associated with the microsomes was still 
bound to the pellet. Further experiments are in prog- 
ress to localize polyamines in the large subparticles- 
membrane complex. 
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